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(57) ABSTRACT 

This invention provides a Waste-processing system capable 
of processing high-solids Wastes such as manure. This 
invention provides a compact U-shaped digester that alloWs 
for recycling of activated sludge to improve the efficiency of 
the process. Ef?ciency is also improved through a sludge 
heating design that creates a current in the digester and 
ef?ciently heats the sludge. A composter is provided to 
further process the sludge through aerobic digestion to 
create usable fertilizer. Finally, one embodiment provides a 
turbine that is fueled by biological gases from the digester to 
generate heat and electricity to be used by the system. 
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METHOD AND APPARATUS FOR SOLIDS 
PROCESSING 

RELATED APPLICATION 

[0001] This application claims the priority of US. provi 
sional patent application, serial No. 60/161,246, ?led Oct. 
25, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The invention relates to Waste-processing systems 
for processing manure. 

[0004] 2. Background Prior Art 

[0005] Many prior art Waste-processing systems are 
designed for loW-solids Waste, such as municipal Waste, that 
has a solids content of approximately one percent. High 
solids Wastes such as manure that have a solids content of 
approximately tWelve percent either clog the system or are 
insuf?ciently processed. The processing of high-solids Waste 
has typically been performed using a plug ?oW process that 
is characteriZed by a straight-through system. 

[0006] Prior art Waste-processing systems for either high 
or loW-solids Waste use large amounts of purchased energy 
in the form of electricity or natural gas to generate heat and 
run pumps to process the Wastes because these systems 
typically exhibit inefficient heating of the Waste as it is 
processed. In addition, prior art Waste-processing systems 
have the added problem of disposing of the products of their 
processing. It is anticipated that stricter environmental regu 
lations Will limit the amount of Waste than can be applied to 
?elds as fertilizer because of the phosphates and nitrogen 
content of the Waste. As ?elds reach their limits, other ?elds 
must be found. As the amount of unfertiliZed land dWindles, 
either other outlets for Waste must be found, or a disposal 
method that meets the stricter environmental regulations 
must be developed and used. 

SUMMARY OF THE INVENTION 

[0007] The apparatus and method embodying this inven 
tion provide a Waste-processing system capable of process 
ing high-solids Wastes such as manure. Total process ?oWs 
are controlled in substantially-closed systems to minimiZe 
end Waste products and maximiZe energy ef?ciency. The 
apparatus and method embodying this invention provide a 
compact U-shaped digester that alloWs for recycling of 
activated sludge to improve the ef?ciency of the process. 
Ef?ciency is also improved through a sludge heating design 
that creates a current in the digester and ef?ciently heats the 
sludge. Resource use is optimiZed to preclude the need to 
purchase outside energy, and to minimiZe the out?oW of 
Water that is unusable Without further processing. For 
example, sludge is dried using Waste heat from the pro 
cesses, rather than using heat generated With energy from 
outside sources. Finally, a composter is provided to further 
process the sludge through aerobic digestion to create usable 
fertiliZer, thus minimiZing the output of unusable Waste 
products. 
[0008] A digester for processing high-solids Waste is pro 
vided comprising a mixing chamber, a clari?er, and a 
generally U-shaped digester. The mixing chamber is located 
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adjacent the clari?er such that activated sludge may be 
recycled to the mixing chamber. A heater is provided in the 
digester such that thermal agitation of the Waste causes 
controlled mixing of Wastes in the digester. 

[0009] In another embodiment, gas jets are provided in the 
digester such that agitation of the Waste by the gas jets 
causes the Waste to be mixed. 

[0010] In another embodiment, a gas turbine is provided 
that is fueled by biological gases produced in the Waste 
processing system. 

[0011] In another embodiment, a composting tank 
mounted in a Water tank is provided to aerobically digest the 
Waste. 

[0012] In another embodiment, the composter is replaced 
With a solids dryer using Waste heat to dry the sludge. 

[0013] In another embodiment, a combination of a ?uid 
iZing bed dryer and an air/air heat exchanger replaces the 
solids dryer to dry the solids and recapture heat produced by 
the turbines that Would otherWise be lost in the turbine 
exhaust. The heated air in the ?uidiZing bed dryer evaporates 
Water carried in the effluent from the solids press. The latent 
heat of vaporiZation carried by the moisture in the air leaving 
the ?uidiZing bed dryer is substantially recaptured in the 
Water condenser. 

[0014] Other features and advantages of the invention are 
set forth in the folloWing draWings, detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic vieW of a Waste-processing 
system embodying the invention. 

[0016] FIG. 2 is a partial cross-section elevational vieW of 
the digester of the Waste-processing system shoWn in FIG. 
1. 

[0017] FIG. 3 is a cross-section elevational vieW of a Wall 
betWeen a mixing chamber and the digester and taken along 
the 3-3 line of FIG. 1. 

[0018] FIG. 4 is a partial cross-section elevational vieW of 
a clari?er, taken along the 4-4 line of FIG. 1. 

[0019] FIG. 5 is a perspective vieW of a composter of the 
Waste-processing system shoWn in FIG. 1. 

[0020] FIG. 6 is a cross-sectional vieW of the composter 
taken along the 6-6 line in FIG. 5. 

[0021] FIG. 7 is a ?oWchart of the process employed in 
the Waste-processing system shoWn in FIG. 1. 

[0022] FIG. 8 is a vieW similar to FIG. 7 and shoWs an 
alternative process of the invention. 

[0023] FIG. 9 is a vieW similar to FIGS. 7 and 8 and 
shoWs another alternative process of the invention. 

[0024] FIG. 10 is a vieW similar to FIGS. 7-9 and shoWs 
another alternative process of the invention. 

[0025] FIG. 11 is an enlarged vieW of a portion of the 
Waste processing system shoWn in FIG. 1. 

[0026] Before one embodiment of the invention is 
explained in detail, it is to be understood that the invention 
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is not limited in its application to the details of construction 
and the arrangements of the components set forth in the 
following description or illustrated in the draWings. The 
invention is capable of other embodiments and of being 
practiced or being carried out in various Ways. Also, it is 
understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of “including” and “compris 
ing” and variations thereof herein is meant to encompass the 
items listed thereafter and equivalents thereof as Well as 
additional items. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] A Waste-processing system 10 embodying the 
invention is illustrated in FIGS. 1-10. FIGS. 1-6 shoW the 
apparatus in Which the process is conducted. The system 10 
is described in terms of processing manure, but may also be 
used to process Wood pulp, municipal Wastes, or organic 
Waste products in general. 

[0028] FIG. 1 shoWs schematically the apparatus used to 
process high-solids farm Waste. A digester enclosure 20 
includes three major sections: a mixing chamber 30, a 
digester 40, and a clari?er 50. The digester enclosure 20 is 
arranged such that a relatively large digester 40 may be built 
in relatively small space. 

[0029] FIG. 2 illustrates the construction of an outside 
Wall 54 of the digester enclosure 20. The height of the outer 
Wall 54 of the digester enclosure 20 is approximately 17 feet, 
With a liquid depth 58 in the digester enclosure 20 of 
approximately 14 feet. A footing 62 provides an interface 
betWeen the Wall 54 and the ground 66, and supports the Wall 
54 and the edge 70 of the ?oor 74. Both the footing 62 and 
the Wall 54 are constructed of poured concrete. The Wall 54 
is approximately tWelve inches thick at the loWer end 78 of 
the Wall 54, and approximately eight inches thick at the 
upper end 82 of the Wall. The ?oor 74 of the digester 
enclosure 20 is approximately four inches of concrete. 
Insulation 86 With a thickness of approximately four inches 
is arranged beloW the ?oor 74 and provides an interface 
betWeen the ?oor 74 and the ground 66. 

[0030] The roof 90 of the digester enclosure 20 is located 
approximately 15 feet, 8 inches above the ?oor 74 of the 
digester enclosure 20. The roof 90 is constructed of an 
approximately ten-inch thickness 98 of SPAN CRETE con 
crete topped by a four-inch thickness of insulation 94. 

[0031] Abio gas storage chamber 102 is located above the 
roof 90. The primary component of the chamber 102 is a 
liner 106 including an upper liner section 110 and a loWer 
liner section 114. The liner 106 is preferably constructed 
from high-density polyethylene (HDPE), but may be any 
other suitable material. The liner 106 is sealed around the 
edges 118 of the liner 106 by capturing the edges 118 
beneath six-inch channel iron 122, Which is removably 
attached to the digester enclosure Walls 54 using nuts 126 on 
a plurality of anchor bolts 130 embedded in the digester 
enclosure Wall 54. A ten-inch PVC pipe 134 is inserted 
around the periphery of the chamber 102 Within the liner 106 
to assist in maintaining the seal around the periphery of the 
liner 106. The liner 106 is constructed such that it can 
?exibly ?ll With bio gas as the bio gas is produced in the 
digester 40, and can be emptied of bio gas as is needed. The 
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bio gas storage chamber 102 may be replaced by any other 
suitable gas storage system including a roofed storage 
system. 
[0032] Returning to FIG. 1, the mixing chamber 30 has 
horiZontal dimensions of approximately 36 feet by 15 feet. 
Arranged Within the mixing chamber 30 is approximately 
2000 feet of four-inch black heating pipe 142, Which is 
designed to carry hot Water to heat sludge 144 Within the 
mixing chamber 30. An in?uent pipe 148 carries manure 336 
into the mixing chamber 30. Mixing Within the mixing 
chamber 30 is provided by both a mixing noZZle 145 on the 
end of an activated sludge recirculation pipe 147 and by 
convective ?oW resulting from the heating of the manure 
336 by the heating pipe 142. A standard auger 146 used for 
removing solids from the mixing chamber 30 is arranged 
near the ?oor 150 of the mixing chamber 30 such that it can 
transport solids from the ?oor 150 of the mixing chamber 30 
through the Wall 154 of the mixing chamber 30 and to a 
collection device 158. In another embodiment (not shoWn), 
solids may be removed from the mixing chamber 30 by any 
other suitable system, such as a sump pump. 

[0033] As illustrated in FIG. 3, a cutout 160 formed in the 
Wall 162 betWeen the mixing chamber 30 and the digester 40 
alloWs sludge to flow from the mixing chamber 30 into the 
digester 40. In addition, removable panels 161 are posi 
tioned to block opening 163 in the Wall 162. Removable 
panels 161 may be removed as needed to alloW greater flow 
from mixing chamber 30 to digester 40, if desired. 

[0034] Returning to FIG. 1, the digester 40 is a generally 
U-shaped tank With overall horiZontal dimensions of 
approximately 100 feet long and 72 feet Wide. A center Wall 
165 approximately 90 feet in length divides the digester 40 
into the tWo legs 166, 170 of the U-shape. Thus each leg 166, 
170 of the digester 40 is approximately 100 feet long and 36 
feet Wide. 

[0035] The ?rst leg 166 of the digester 40 includes 
approximately 800 feet of four-inch black heating pipe 174 
through Which heated Water or gas can flow. The heating 
pipe 174 is arranged along the center Wall 165. The second 
leg 170 of the digester 40 includes approximately 200 feet 
of four-inch black heating pipe 178, Which is also arranged 
along the center Wall 165. In another embodiment illustrated 
in FIG. 11, the heating pipes 174, 178 may include jet 
noZZles 180 to dispense heated gas into the sludge 144. 

[0036] In addition to producing activated sludge 184, the 
anaerobic digestion of the digester 40 also produces bio gas 
in the form of methane gas, Which is collected in the bio gas 
storage chamber 102. Any liquid that condenses Within the 
chamber 102 is directed through the effluent pipe 196 (see 
FIGS. 7-9) to the liquid storage lagoon 198 (see FIGS. 7-9). 
After a storage time of approximately tWelve hours, the 
collected bio gas is used to fuel an internal combustion 
engine 138 (see FIG. 7) that, in combination With an electric 
generator, is used to produce electricity that is sold to a 
poWer utility 332 (see FIG. 7). The cooling system of the 
internal combustion engine 138 also produces hot coolant 
that is used for heating in the mixing chamber 30 and for 
heating and agitation in the digester 40. Hot Water from the 
engine 138 passes through an air/Water cooler 334 (see FIG. 
7) to reduce the temperature of the Water from the approxi 
mately 180° F. temperature at the exit of the engine 138 to 
approximately 160° F. for use in the mixing chamber 30 and 
the digester 40. 
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[0037] As shown in FIG. 1, the clari?er 50 is located 
adjacent the digester 40 beyond clari?er panels 182 and 
adjacent the mixing chamber 30. The clari?er 50 has hori 
Zontal dimensions of approximately 36 feet by 21 feet, and 
is largely empty of any equipment or hardWare, With the 
exception of an equipment room 183. Turning to FIG. 4, the 
clari?er panels 182 are constructed from HDPE and form a 
partial barrier betWeen the digester 40 and the clari?er 50. 
The clari?er panels 182 cover the entire horiZontal dimen 
sion across the clari?er 50 from center Wall 165 to outer Wall 
54. Separation panels 186 Within the clari?er 50 serve to 
direct solids in a doWnWard direction to the bottom 190 of 
the clari?er 50, Where the solids collect in a sump 194. Sump 
pipe 198 leads to a standard solids press 214 (see FIGS. 7-9), 
and to the activated sludge recirculation pipe 147 carrying 
activated sludge 184 to the mixing chamber 30 (see FIG. 1). 

[0038] As illustrated in FIGS. 7-9, liquid produced as a 
result of the operation of the solids press 214 is recycled to 
the mixing chamber 30 for further processing. 

[0039] Returning to FIG. 4, liquids in the clari?er 50 
decant through gap 202 and collect in a liquid sump 206. A 
liquid effluent pipe 210 Within the liquid sump 206 leads 
through a heat exchanger 340 (see FIG. 7) and to a liquid 
storage lagoon 198 (see FIG. 7). 

[0040] A composter 220 as illustrated in more detail in 
FIGS. 5 and 6 is located doWnstream of the solids press 
214. The primary components of the composter 220 include 
a Water tank 224 and a composting barrel 228. The Water 
tank 224 is generally a rectangular parallelepiped With 
six-inch-thick Walls 230 constructed from concrete. A four 
inch layer of insulation 232 (not shoWn in FIG. 6) covers the 
periphery of the Walls 230. Asump 236 is located in the ?oor 
240 of the Water tank 224. Extending through the ?oor 240 
of the Water tank 224 is an air supply pipe 244. Aport 248 
in the ?rst Wall 252 of the Water tank 224 accommodates a 
sludge supply pipe 256 that connects the solids press 214 
With the composter barrel 228. Aport 260 in the second Wall 
264 of the Water tank 224 accommodates a composter solids 
exit pipe 268. 

[0041] The Water level 272 of the Water tank 224 may be 
varied to provide buoyant support to the composter barrel 
228; the Water level 272 as illustrated in FIGS. 5 and 6 is 
representative of a typical level. The Water 276 is typically 
at 140-160° F. A Water inlet pipe 280 provides a How of 
Water 276 to the composter barrel 228 and the Water tank 
224. The Water 276 is supplied from the cooler 334 of engine 
138. 

[0042] The composter barrel 228 de?nes an interior cham 
ber 232. A sludge supply auger 284 is located Within the 
sludge supply pipe 256 and extends from Within the sludge 
supply pipe 256 into chamber 232 of the barrel 228. A 
composted solids exit auger 288 extends from Within cham 
ber 232 of barrel 228 into the composter solids exit pipe 268. 
Each pipe 256, 268 is connected to the ends 292, 294 of the 
composter barrel 228 using a double rotating union seal With 
an internal air pressure/Water drain (not shoWn). The pipes 
256, 268 and augers 284, 288 are designed such that air that 
is necessary for drying the sludge and for aerobic digestion 
may pass through the composter barrel 228. Air passes 
through solids exit pipe 268 and air inlet pipe 266, into the 
composter barrel 228, and out through air outlet pipe 258 
and sludge supply pipe 256. The air pipes 258, 266 extend 
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vertically to keep their ends 270 above the activated sludge 
184 in the composter barrel 228. 

[0043] The composter barrel 228 is generally cylindrical 
and approximately 100 feet long and 10 feet in diameter. A 
plurality of Wear bars 296 is attached to the exterior cir 
cumference of the barrel 228. Rubber tires 300 acting on the 
Wear bars 296 serve to hold the composter barrel 228 in 
position. 
[0044] As illustrated in FIGS. 5 and 6, a plurality of vanes 
304 is attached to the barrel 228. These vanes 304 extend 
betWeen the third and fourth Wear bars 308, 312. The vanes 
304 are generally parallel to the longitudinal axis of the 
composter barrel 228. As shoWn in FIG. 6, to effect coop 
eration With the vanes 304, the Water inlet pipe 280 and the 
air inlet pipe 244 are laterally offset in opposite directions 
from the vertical centerline of the composter barrel 228. As 
a result, When Water 276 ?oWs from the Water inlet pipe 280, 
the Water 276 collects on the vanes 304 on a ?rst side 316 
of the composter barrel 228, and When air 320 ?oWs from the 
air inlet pipe 244, air 320 collects under the vanes 304 on a 
second side 318 opposite the ?rst side 316 of the composter 
barrel 228. The lateral imbalance resulting from Weight of 
Water 276 on the ?rst side 316 of the barrel 228 and the 
buoyancy of the air 320 on the second side of the barrel 228 
causes the barrel 228 to rotate in a clockWise direction as 
vieWed in FIG. 6. 

[0045] The composter barrel 228 is slightly declined 
toWard the exit end 294 of the composter barrel 228 to 
encourage the activated sludge 184 Within the composter 
barrel 228 to move along the longitudinal axis of the 
composter barrel 228 toWard the exit end 294. As shoWn in 
FIG. 6, the composter barrel 228 also includes internal 
baffles 296 that serve to catch and turn the activated sludge 
184 as the composter barrel 228 rotates. 

[0046] As illustrated in FIG. 1, the composter solids exit 
pipe 268 connects to a standard bagging device 324 that 
places the composted solids into bags 328 for sale. 

[0047] In operation of the Waste-processing system 10, as 
illustrated in FIGS. 1 and 7, unprocessed coW manure 336 
from area farms and other sources is transported to the Waste 
processing site and transferred to a heat exchanger 340 
Where, if necessary, the manure 336 is thaWed using Warm 
Water from the clari?er 50 by Way of liquid effluent pipe 210. 

[0048] Manure 336 is then transferred from the heat 
exchanger 340 to the mixing chamber 30 through in?uent 
pipe 148, Where the manure 336 is mixed With activated 
sludge 184 recycled from the clari?er 50 by Way of activated 
sludge recirculation pipe 147 to become sludge 144. The 
sludge 144 is heated to approximately 105-130° Fahrenheit 
by directing coolant at approximately 160° F. from the 
engine cooler 334 through the mixing chamber heating pipes 
142. In addition, solids such as grit fall to the bottom of the 
mixing chamber 30 under the in?uence of gravity and are 
removed using the mixing chamber auger 146. The solids 
are then transferred to a disposal site. 

[0049] After a stay of approximately one day in the mixing 
chamber 30, the sludge 144 ?oWs through cutout 160 and 
opening 163, if not blocked, in the Wall 162 and into the 
digester 40, Where anaerobic digestion takes place. The 
activated sludge 184 added to the manure 336 in the mixing 
chamber 30 serves to start the anaerobic digestion process. 
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[0050] The apparatus and method described herein 
employ modi?ed plug ?oW or slurry How to move the 
sludge, unlike the plug How in prior art systems. The 
digester heating pipes 174, 178 locally heat the sludge 144 
using hot Water at approximately 160° F. from the cooler 334 
of the engine 138, causing the heated mixed sludge to rise 
under convective forces. The convection develops a current 
in the digester 40 that is uncharacteristic of prior art high 
solids digesters. Sludge 144 is heated by the digester heating 
pipes 174, 178 near the digester center Wall 165, such that 
convective forces cause the heated sludge 144 to rise near 
the center Wall 165. At the same time, sludge 144 near the 
relatively cooler outer Wall 54 falls under convective forces. 
As a result, the convective forces cause the sludge 144 to 
folloW a circular ?oW path upWard along the center Wall 165 
and doWnWard along the outer Wall 54. At the same time, the 
sludge 144 ?oWs along the ?rst and second legs 166, 170 of 
the digester 50, resulting in a combined corkscreW-like ?oW 
path for the sludge 144. 

[0051] In another embodiment (not shoWn), hot gas injec 
tion jets using heated gases from the output of the engine 
138 replace the hot Water digester heating pipes 174, 178 as 
a heating and current-generating source. The injection of hot 
gases circulates the sludge 144 through both natural and 
forced convection. A similar corkscreW-like ?oW path is 
developed in the digester 40. 

[0052] In the arrangement shoWn in FIG. 1, the U-shape 
of the digester 40 results in a long sludge ?oW path and thus 
a long residence time of approximately tWenty days. As the 
sludge 144 ?oWs through the digester 40, anaerobic diges 
tion processes the sludge 144 into activated sludge 184. The 
anaerobic digestion process also reduces the phosphate 
content of the liquid ef?uent by approximately ?fty percent, 
Which is a key factor in meeting future environmental 
regulations. 
[0053] From the digester 40 the activated sludge 184 ?oWs 
into the clari?er 50. The clari?er 50 uses gravity to separate 
the activated sludge 184 into liquid and solid portions. 
Under the in?uence of gravity and separation panels 186, the 
liquid portion rises to the top of the mixture and is decanted 
through a gap 202 into a liquid sump 206. It is later 
transferred to lagoon storage 198 through ef?uent pipe 210. 
The liquid is then taken from the lagoon 198 for either 
treatment or use as fertiliZer. 

[0054] The solid portion of the activated sludge 184 settles 
to the bottom 190 of the clari?er 50 in sump 194. From there, 
approximately ten to tWenty-?ve percent of the activated 
sludge 184 is recycled to the mixing chamber 30 through 
activated sludge recirculation pipe 147 to mix With the 
incoming manure 336, as described above. The remaining 
approximately seventy-?ve to ninety percent of the activated 
sludge 184 is removed from the clari?er 50 through sump 
pipe 198 and is transferred to the solids press 214 in Which 
the moisture content of the activated sludge 184 is reduced 
to approximately sixty-?ve percent. 

[0055] From the solids press 214, the activated sludge 184 
is transferred through sludge supply pipe 256 using sludge 
supply auger 284 to the interior chamber 232 of the com 
poster barrel 228 Where the activated sludge 184 is heated 
and agitated such that aerobic digestion transforms the 
activated sludge 184 into usable fertiliZer. Outside bulking 
compost material can be added to the chamber 232 to make 
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the fertiliZer more suitable for later retail sale. As the 
composter barrel 228 turns, baffles 296 Within the chamber 
232 agitate and turn the sludge. This agitation also serves to 
aerate the sludge to enhance aerobic digestion. At the same 
time, the tank of Water 224 in Which the barrel 228 sits heats 
the barrel 228. This heating also promotes aerobic digestion. 

[0056] In the preferred embodiment, Water 276 falling 
from the Water inlet pipe 280 and air 320 rising from the air 
inlet pipe 244 collects on the vanes 304 and causes the 
composter barrel 228 to turn around its longitudinal axis. In 
other embodiments, direct motor or belt drives, or any other 
suitable drive mechanism may turn the composter barrel 
228. 

[0057] As the activated sludge 184 turns over and under 
goes aerobic digestion in the chamber 232, it also travels 
longitudinally and eventually exits the composter barrel 228 
through the composter solids exit pipe 268, driven by the 
composter solids exit auger 288. The processed sludge, 
Which has become usable fertiliZer at approximately forty 
percent moisture, is transferred to a bagging device 324. In 
the bagging device 324, the processed sludge is bagged for 
sale as fertiliZer. 

[0058] In an alternative embodiment illustrated in FIG. 8, 
a turbine 139 replaces the internal combustion engine as 
described above. The turbine 139 is preferably an Allied 
Systems TURBOGENERATOR turbine poWer system as 
distributed by Unicorn Distributed Energy, but may be any 
other suitable turbine. The turbine 139 is fueled by the 
methane collected in the bio gas storage chamber 102. The 
differences With the use of a turbine 139 from the previ 
ously-discussed process are outlined as folloWs. Instead of 
an engine cooler 334 producing heated coolant, the turbine 
139 produces exhaust gases at approximately 455° F. The 
hot exhaust gases are used to heat Water in a closed loop 335 
through an air/Water heat exchanger 337. The heated Water 
is then used for heating in the mixing chamber 30 and for 
heating and agitation in the digester 40. This embodiment is 
used in conjunction With a composter (not shoWn) as 
described above. 

[0059] As shoWn in FIG. 8, the composter is replaced With 
a solids dryer 218 in Which hot exhaust from the turbine 139 
is used to dry the sludge taken from the solids press 214. 
From the solids dryer 218, the activated sludge 184 is 
transferred to a bagging device 324. In the bagging device 
324, the processed sludge is bagged for sale as fertiliZer. 
[0060] In another embodiment illustrated in FIG. 9, hot 
exhaust gases from the turbine 139 are used to heat methane 
from the bio gas storage chamber 102 to approximately 160° 
F. in an air/air heat exchanger 220. The heated methane is 
then injected into the mixing chamber 30 and the digester 40 
for heating and agitation. In this embodiment, it is possible 
to seal off the digester 40 from any air contamination 
because only methane is used for heating and agitation. The 
methane is then recaptured in the bio gas storage chamber 
for reuse. This embodiment is used in conjunction With a 
composter (not shoWn) as described above. 
[0061] In the embodiment illustrated in FIG. 9, the com 
poster is replaced With a solids dryer 218 in Which hot 
exhaust from the turbine 139 is used to dry the sludge taken 
from the solids press 214. Again, from the solids dryer 218, 
the activated sludge 184 is transferred to a bagging device 
324. In the bagging device 324, the processed sludge is 
bagged for sale as fertiliZer. 
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[0062] In still another embodiment illustrated in FIG. 10, 
a ?uidizing bed dryer 350 takes the place of the composter 
or solids dryer described in previous embodiments. Pressed 
bio solids at approximately 35 percent solids from the solids 
press 214 enter the ?uidizing bed dryer 350 Where the solids 
are ?uidized using heated air in a closed-loop air system 
354. This ?uidizing results in moisture from the bio solids 
being entrained in the heated air. The moisture-laden heated 
air passes through a Water condenser 358 Where Water is 
removed from the heated air and circulated back to the 
heating pipe 142 in the mixing chamber 30 and to the 
heating pipe 174 in the digester 40. Heat is provided to the 
closed-loop air system 354 through an air/air heat exchanger 
362. Hot exhaust gases from a series of turbines 139 provide 
heat to the air/air heat exchanger 362. The exhaust gases 
then enter the Water condenser 358 to remove combustion 
moisture from the turbine exhaust before the remaining 
gases are vented to the atmosphere. The Water condenser 
358, in addition to recapturing Water, also recaptures heat 
carried by the turbine exhaust and by the heated air in the 
closed-loop air system 354. This recaptured heat is used to 
heat the Water circulating in the closed-loop Water heating 
system. 

[0063] The combination of a ?uidizing bed dryer 350 and 
an air/air heat exchanger 362 recaptures heat produced by 
the turbines 139 that Would otherWise be lost in the turbine 
exhaust. The heated air in the ?uidizing bed dryer 350 
evaporates Water carried in the effluent from the solids press. 
The latent heat of vaporization carried by the moisture in the 
air leaving the ?uidizing bed dryer 350 is substantially 
recaptured in the Water condenser 358. The closed-loop air 
system 354 alloWs for air With reduced oxygen content to be 
used in the ?uidizing bed dryer 350 to reduce the risk of ?re 
associated With drying organic material. In addition, the 
closed-loop air system 354 alloWs for the addition of an 
auxiliary burner (not shoWn) if needed to process Wetter 
material in the ?uidizing bed dryer 350. Avariable speed fan 
(not shoWn) can be added to the closed-loop air system 354 
after the Water condenser 358 to pressurize the air for the 
?uidizing bed dryer 350. 

[0064] In the embodiment illustrated in FIG. 10, from the 
solids dryer 218, the activated sludge 184 is transferred to 
the bagging device 324. In the bagging device 324, the 
processed sludge is bagged for sale as fertilizer. 

[0065] In another embodiment (not shoWn), the composter 
is replaced With a solids dryer 218 in Which hot exhaust from 
the internal combustion engine 138 is used to dry the sludge 
taken from the solids press 214. Again, from the solids dryer 
218, the activated sludge 184 is transferred to a bagging 
device 324. In the bagging device 324, the processed sludge 
is bagged for sale as fertilizer. 

[0066] Various features of the invention are set forth in the 
folloWing claims. 

What is claimed is: 

1. An organic Waste material processing system for the 
anaerobic digestion of high-solids Waste, the Waste material 
processing system comprising: 

a closed container for holding high solids Waste material, 
the closed container including 
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a ?rst passage in Which the Waste material ?oWs in a 
?rst direction, the ?rst passage having ?rst and 
second ends, the ?rst end including an inlet for Waste 
material, and 

a second passage in Which the Waste material ?oWs in 
a direction opposite the ?rst direction, the second 
passage having ?rst and second ends, the second end 
including an outlet, the ?rst passage being separated 
from the second passage by a divider, the second end 
of the ?rst passage being adjacent the ?rst end of the 
second passage, and the ?rst end of the ?rst passage 
being adjacent the second end of the second passage. 

2. The system of claim 1, further comprising a mixing 
chamber adjacent the inlet, the mixing chamber including a 
means for preheating the Waste material before the Waste 
material passes through the inlet to the closed container. 

3. The system of claim 1, further comprising a clari?er 
adjacent the outlet, the clari?er receiving Waste material 
from the second passage and the clari?er providing a settling 
tank for separation of solids from liquid. 

4. The system of claim 1, further comprising a mixing 
chamber adjacent the inlet, the mixing chamber including a 
means for preheating the Waste material before the Waste 
material passes through the inlet to the closed container, and 
a clari?er adjacent the outlet and the mixing chamber, the 
clari?er receiving Waste material from the second passage 
and the clari?er providing a settling tank for separation of 
solids from liquid. 

5. The system of claim 1, the second passage being 
horizontally beside the ?rst passage. 

6. The system of claim 1, further including a heating 
device positioned in at least a portion of one of the ?rst 
passage and the second passage to heat the Waste material 
that comes in contact With the heating device to cause 
thermal mixing of the Waste. 

7. The system of claim 6, Wherein the heating device is 
positioned adjacent a Wall. 

8. The system of claim 6, Wherein the heating device is 
positioned adjacent the divider of the digester. 

9. The system of claim 6, Wherein the heating device 
includes a pipe containing a heating medium. 

10. The system of claim 9, Wherein the heating medium 
is Water. 

11. The system of claim 9, Wherein the heating medium is 
a gas. 

12. The system of claim 11, further comprising providing 
gas outlets in the pipe to emit gas to cause mixing of the 
Waste. 

13. A system for processing high solids Waste material, 
the system comprising: 

a digester for anaerobically digesting the Waste material, 
the digester producing methane and including a closed 
container for holding high solids Waste material, the 
closed container including 

a ?rst passage in Which the Waste material ?oWs in a ?rst 
direction, the ?rst passage having ?rst and second ends, 
the ?rst end including an inlet for Waste material, and 

a second passage in Which the Waste material ?oWs in a 
direction opposite the ?rst direction, the second pas 
sage having ?rst and second ends, the second end 
including an outlet, the ?rst passage being separated 
from the second passage by a divider, the second end of 
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the ?rst passage being adjacent the ?rst end of the 
second passage, and the ?rst end of the ?rst passage 
being adjacent the second end of the second passage; 
and 

a cornposter for aerobically digesting Waste material, 
Wherein the cornposter is connected to the outlet and 
receives waste material from the digester through the 
outlet, the cornposter including a container and an air 
inlet. 

14. The system of claim 13, further comprising a turbine 
producing heated exhaust, the turbine being fueled by rneth 
ane gas produced in the digester, and having an exhaust 
outlet for discharging heated exhaust; and the exhaust outlet 
being connected to the digester to heat Waste in the digester. 

15. Asystern for processing high solids Waste, the system 
comprising: 

a container for holding high solids waste material for the 
digestion of the high solids Waste, the digestion pro 
ducing sludge and methane gas during the digestion of 
the high solids Waste in the container; 

a sludge drying device for receiving sludge from the 
container and for processing the sludge to produce a 
useful fertilizer; 

a turbine producing heated exhaust, the turbine being 
fueled by methane gas produced in the container, and 
having an exhaust outlet for discharging heated 
exhaust; and 

the exhaust outlet being connected to the container to heat 
Waste in the container. 

16. The system of claim 15, Wherein the exhaust outlet is 
connected to the sludge drying device to heat and thus dry 
sludge in the sludge drying device. 

17. The system of claim 16, Wherein the sludge drying 
device includes a solids press and a solids dryer to dry the 
sludge. 

18. The system of claim 16, Wherein the sludge drying 
device includes a ?uidiZed bed dryer to dry the sludge. 

19. The system of claim 15, further comprising a mixing 
chamber connected to the container for preheating the waste 
material before the waste material passes into the container, 
Wherein the exhaust outlet is connected to the mixing 
chamber to heat Waste in the mixing chamber. 

Dec. 26, 2002 

20. The method of claim 15, further comprising providing 
a generator driven by the turbine, the generator generating 
electricity to sell. 

21. A method for processing high solids agricultural 
animal waste to produce fertiliZer and electricity, the method 
comprising: 

supplying the high solids agricultural animal waste to a 
digester for biological treatment of the high solids 
agricultural animal waste and to produce Waste sludge 
and methane gas, the digester having an in?uent open 
ing and an effluent opening; 

supplying sludge from the effluent opening of the digester 
to a sludge drying device to remove Water from the 
sludge to produce a fertiliZer rnaterial; 

supplying rnethane from the digester to an engine for 
producing electrical poWer, the engine being a turbine 
engine producing electricity and heated gas; 

using the heated gas from the turbine to supply heat to the 
agricultural animal waste in the digester. 

22. The method of claim 21, further comprising using the 
heated gas from the turbine to supply heat to the sludge in 
the sludge drying device. 

23. The method of claim 21, further comprising using the 
heated gas from the turbine to supply heat to the agricultural 
animal waste in a mixing chamber adjacent the in?uent 
opening for preheating the Waste before the Waste passes 
through the in?uent opening to the digester. 

24. The method of claim 21, the using act further includ 
ing supplying heated gas to the agricultural animal waste in 
the digester through a plurality of gas outlets in the digester. 

25. The method of claim 21, the supplying sludge act 
further including supplying sludge from the effluent opening 
of the digester to a ?uidiZing bed dryer to remove Water from 
the sludge. 

26. The method of claim 21, further comprising condens 
ing the Water removed in the sludge drying device using a 
condenser to recapture heat carried by the Water. 

27. The method of claim 21, further comprising condens 
ing Water contained in the heated gas from the turbine using 
a condenser to recapture heat carried by the Water. 

* * * * * 


